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ABSTRACT 


A critical parameter in the startup of the SNAP-8 system is the rate 
at which the mercury flow is brought up to the level required to make the 
system self-sustaining. Startup tests were conducted in which the duration 
of the flow ramp from 0 to 8600 pounds mass per hour (3000 kg/hr) was 
varied from 30 to 145 seconds. It was concluded that for the flight- 
type system a 100-second ramp was a good compromise between a ramp that 
was too short, precluding use of open-loop flow control, and a ramp that 
was too long, causing marginal acceleration of the turboalternator. 



INVESTIGATION OF MERCURY-FLOW RAMP 


RATES FOR STARTUP OF THE SNAP- 8 SYSTEM 
by Roy A. Lottig and Ronald H. Soeder 
Lewis Research Center 


SUMMARY 

The development of the SNAP-8 power system prompted an investigation 
to determine the best startup and shutdown modes for the system. The 
investigation included 135 startup transient tests conducted in the SNAP-8 
test facility at the Lewis Research Center. One of the critical parameters 
for system startup is the rate of the initial mercury-flow ramp. The initial 
mercury-flow ramp is from 0 to 6600 pounds mass per hour (3000 kg/hr) . 

At this flow level the system becomes self-sustaining. This means that the 
turbine -alternator assembly provides sufficient electrical power to drive 
the four system pumps plus enough excess power to insure proper turbine 
speed control. During the startup testing the time duration of this 
initial flow ramp was varied from 30 to 145 seconds. 

It was concluded that a 100-second ramp resulted in a good compromise 
between a ramp that was too short, which would prohibit use of open-loop 
flow control, and a ramp that was too long, causing marginal acceleration 
of the turboalternator. 


INTRODUCTION 

SNAP-8 is a nuclear-Rankine-cycle power system presently under develop- 
ment to produce electrical power for space applications. The basic system 
will produce 35 kilowatts of usable electricity and utilize a nuclear 
reactor as the system energy source. Liquid metals are used in the heating 
loop, power loop, and heat rejection loop. The primary (heating) and heat 
rejection loop fluid is an eutectic mixture of sodium and potassium (NaK-78) , 
whereas the power loop uses mercury as the working fluid. A loop to cool 
and lubricate rotating components in the three main loops uses polyphenol 
ether. Descriptions of SNAP-8 system and component performance are given 
in references 1 to 8. 

In order to evaluate the startup mode for SNAP-8, a sequence of 135 
tests w as conducted in the SNAP-8 test facility at NASA’s Lewis Research 
Center in Cleveland, Ohio. A breadboard SNAP-8 system using SNAP-8 flight- 
type components with the exception of a nuclear reactor, space radiator, 
mercury injection system and valves was tested in this facility. 



One important startup parameter investigated during these transient 
tests was the initial mercury-flow ramp rate. The startup of the mercury 
loop requires an initial flow increase from 0 to 6600 pounds mass per hour 
(3000 kg/hr) . At 6600 pounds mass per hour (3000 kg/hr) the turbine- 
alternator assembly reaches a power level sufficient to sustain the system. 
This means that the power is sufficient to operate all the pumps on alter- 
nator power and to provide for turbine speed control. After the principle 
transients resulting from this initial ramp have settled out, the system 
is brought to its rated power by slowly increasing the mercury flow to 
12,300 pounds mass per hour (5500 kg/hr). 

This report presents the results of the startup tests that were made 
to determine the most satisfactory rate for the initial mercury-flow ramp. 
The flow ramps investigated were from 30 to 145 seconds in duration. 

The startups included tests where the primary, heat-rejection, mercury and 
lubrication pumps were all simultaneously transferred from auxiliary power 
to alternator power as the alternator accelerated up to 400 cycles per 
second. Startups where only the mercury pump was transferred from auxiliary 
power to alternator power were also investigated. The frequency at which 
the pumps were transferred to alternator power was varied from 220 to 
300 cycles per second. This pump transfer is known as "bootstrapping. " 

A description of the effect of "bootstrap" frequency on mercury loop start- 
up is discussed in reference 9. 

A list of symbols used throughout the report and in the digital data 
plots is found in Appendix A. 


SNAP- 8 TEST SYSTEM 

The three main loops of the SNAP-8 test system are shown in figure 1. 
The primary loop contained a pump-motor assembly, an electric heater, 
electromagnetic flow meter, a tube-in-tube boiler and an auxiliary start 
heat exchanger. The electric heater, ignitron power controller and analog 
computer simulated the operation of a nuclear reactor (ref. 8) . The 
auxiliary start heat exchanger was used to transfer the simulated reactor 
heat to the heat rejection loop prior to startup of the mercury system. 
Primary loop flow rate variation was achieved by changing the position 
of valve (V-115) at the pump outlet. 

The power loop (mercury loop) used AISI type 316 stainless steel for 
all piping from the boiler outlet to the condenser inlet and for all three 
venturi meters. AISI type 304 stainless steel was used for the remaining’ 
loop piping. Mercury flowed through the mercury pump-motor assembly, a 
gas operated valve (V-247) , an electro-hydraulic flow-control valve (V-230) 
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actuated by an analog computer signal and a hydraulic backup valve (V-206) . 

It then flowed through a venturi meter, a gas operated valve (V-260) up- 
stream of the boiler inlet and through the boiler. The vapor then flowed 
through the turbine into the condenser where it was condensed and subcooled. 
The mercury then passed through a gas operated valve (V-210) , a venturi 
meter and V-207, a gas operated valve at the mercury pump inlet. Valve 
V-217 was a gas operated valve in a line connecting the mercury standpipe 
with the power loop. V-204 is a variable position gas controlled valve 
in the mercury bypass line. The following valves in the mercury loop 
were used in a fully open or closed position: V-207, V-247, V-260, V-210 

and V-217 . 

The feedback control circuit, shown schematically in figure 2, was 
used for automatic control of the electro-hydraulic flow control valve 
(V-230) . The control circuit utilized a combination of open loop and integral 
and proportional control. The electronic start programmer in figure 2 
was used for the last 27 mercury loop startups. Its function in connection 
with the feedback circuit was to initiate both feedback control and mercury 
flow ramp. These programmer functions were performed manually during the 
first 108 startups. 

The heat rejection loop consisted of a pump-motor assembly, a condenser, 
venturi meter, two finned NaK-to-air multi-tube heat exchangers and two 
electromagnetic flow meters. Butterfly valves controlled by an analog 
computer signal varied the air flow to the NaK-to-air heat exchangers, 
to simulate operation of a space radiator. The pressure at the mercury 
inlet side of the condenser was controlled by varying third loop flow. 
Condenser mercury inlet pressure was sensed and converted into a command 
signal to actuate valve V-314, at the pump outlet, and control heat rejection 
loop flow. 

Both NaK loops contained an expansion tank to serve as a reservoir 
for a change in volume of the NaK fluid due to temperature variations and 
to maintain sufficient pressure at the inlet of the pumps. The mercury 
and NaK fill lines were valved off during system operation. An oxide 
control system, common to both NaK loops was used to precipitate out oxides 
from the NaK fluid since increased oxide concentration causes plugging of 
system valves and piping. A lubricant-coolant loop containing polyphenol 
ether (4P3E) was used to lubricate the turbine-alternator assembly and mercury 
pump-motor assembly bearings. It was also used to cool the remaining pumps 
and certain parts of the turbine -a Item at or assembly and mercury pump- 
motor assembly. Vacuum, argon, and nitrogen systems were also used for 
proper operation of the three main loops. 


INSTRUMENTATION 


A discussion of instrumentation used in the SNAP-8 test facility is 
found in references 1 and 10. A description of the instrumentation for 
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the principle variables used in this report follows. Mercury liquid flow 
was obtained by measuring the pressure differential across a calibrated 
venturi meter upstream of the boiler inlet (fig- 1) • The liquid mercury 
flow was determined from the differential pressure with the analog computer 
and recorded on a strip-chart recorder (fig. 2) . The differential pressure 
transducer was of the slack diaphragm and capillary tube type. The pressure 
differential across two separate diaphragms was transmitted, by means of 
NaK filled capillary tubes, to a third diaphragm. The third diaphragm 
was part of an air-operated force-balance system. The resulting output 
of this system was a 3 to 15 pounds per square inch (21 to 104 kn/m^) 
air output signal proportional to the pressure difference across the third 
diaphragm. The 3 to 15 pounds per square inch (21 to 104 kn/m^) air out- 
put signal was fed to a remote unit to operate a servomotor. The servomotor 
in turn, positioned the shaft of a potentiometer having a known voltage 
across it. The electrical resistance of the potentiometer would change 
proportionately to the pneumatic input. Thus, the electrical output voltage 
was directly proportional to the pressure differential across the venturi 
meter. The differential pressure transducer was adjusted and calibrated 
over a 0 to 20 pounds per square inch (0 to 138 kn/m^) range. The accuracy 
of the differential pressure reading was 1 percent of 20 pounds per square 
inch (138 kn/m^) , 

The mercury flow control valve (V-230) position was acquired by using 
a linear potentiometer. The potentiometer was attached to the valve body 
and its stem in such a manner that valve movement was directly proportional 
to electrical resistance change of the potentiometer. A power supply and 
signal conditioner in the control room was connected to the potentiometer 
by shielded cables. The power supply was adjusted to give the desired 
output voltage for valve positions of 0 percent and 100 percent open. A 
calibration circuit also allowed a frequent check of the power supply. 

Thus, the valve position was directly proportional to the electrical out- 
put voltage. 

The mercury boiler inlet and mercury pump outlet absolute pressures 
were measured with slack diaphragm and capillary tube pressure transducers. 
The pressure at the diaphragm was transmitted, by means of a NaK filled 
capillary tube, to a Bourdon tube located in a remote case. Movement of 
the Bourdon tube produced mechanical movement of a set of linkages. These 
linkage movements produced a mechanical readout and a constant current 
output by using a linear-variable-differential transformer and a solid 
state amplifier. The output of the amplifier was proportional to the 
pressure at the diaphragm. Each pressure transducer was calibrated over 
its full range. The boiler inlet pressure transducer was calibrated over 
a 0 to 500 pounds per square inch absolute (0 to 3450 kn/m^) range. The 
pump outlet pressure transducer was calibrated over a 0 to 600 pounds 
per square inch absolute (0 to 4140 kn/m^) range. The accuracy of each 
pressure transducer measurement was within 1 percent of its range. 
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The alternator frequency was obtained from the voltage line frequency. 

This voltage line frequency was conditioned by a step-down transformer 
and then a frequency-DC converter. The converter was calibrated over 
the expected operating range using a frequency generator as an input signal 
source . 

The mercury pump-motor assembly speed was measured with an electro- 
magnetic speed pickup. The output of the speed pickup was sent to a frequency- 
DC converter signal conditioner. The frequency generator mentioned earlier 
was used to calibrate the converter. 

Properly conditioned voltage signals from the aforementioned instru- 
mentation were sent to strip-chart recorders. Each channel on the strip- 
chart recorder was calibrated at zero, full span and mid span using a 
voltage source to create expected recorder input voltage values. 

A computerized digital data recording system was also used to record 
transient test system conditions. The recording system scanned and recorded 
a cycle of data, containing 400 different instrument outputs, in approxi- 
mately 11.43 seconds. During transient tests the recording system was run 
continuously. A computer program, used to calculate the test system pa- 
rameters, processed each cycle of data individually. The results were 
saved on magnetic tape and used to produce the figures of transient data 
shown in Appendix A. 


STARTUP PROCEDURE 

During the test program, mercury loop startups were performed both 
manually and automatically. Manual startups required operator manipulation 
of valves and switches , while the automatic startups were accomplished with 
an electronic start programmer initiating and controlling the startup. 

Of the 13S mercury loop startups, the first 108 were manual and the last 
27 were automatic. For both the manual and automatic startups, the mercury 
flow control valve (V-230) position was controlled by the analog computer 
(fig. 2) , The sequence of events leading to the startup was the same for 
both the manual and automatic startups. 

A typical mercury loop startup was accomplished as follows. Before 
each startup, all of the mercury lines were filled with liquid mercury 
up to the closed valves, V-210 and V-260 (fig. 1). The mercury standpipe 
line was also filled and more than the required amount of mercury to be 
injected was stored in the standpipe. Valves V-203, V-204, V-206, and 
V-230 were closed. Valves V-207, V-217, and V-247 were open. The pump 
or pumps to be bootstrapped were running on auxiliary power at the boot- 
strap frequency. At the desired time valves V-206 and V-260 were opened and 
valve V-230 was opened slightly to provide a flow feedback signal for the 
analog computer, see figures 1 and 2. After a 30 second delay, to allow 
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any disturbances in the mercury loop to settle out, the mercury flow ramp 
started. The mercury was injected into the loop by manually pressurizing 
the standpipe. Valve V-230 position was automatically manipulated by 
the analog computer to provide the desired flow ramp. 

As the mercury flow rate increased, the turbine began to accelerate. 
When the alternator accelerated through the bootstrap frequency, the pump 
or pumps to be bootstrapped were transferred to alternator electrical 
power. Shortly after the start of bootstrapping the lube-coolant valves 
were opened to the mercury pump-motor assembly and turbine-alternator 
assembly and the lift-off seals for both components were pressurized. 

Near the end of the mercury flow ramp, valve V-210 at the condenser out- 
let was opened. When the desired amount of mercury loop inventory was 
reached valve V-217 was closed. 

At the termination of the startup ramp the turbine-alternator assembly 
was at rated speed (12,000 rpm) and the pump or pumps bootstrapped were 
running on alternator power. 


DISCUSSION AND RESULTS 

Recordings of pertinent parameters for a typical startup are shown 
in figure 3. The first parameter recorded is liquid mercury flow rate. 

The time duration of the flow ramp was determined by drawing a straight 
line through the liquid mercury flow trace using the initial, nearly-linear 
portion, as a guide. This line extended from the point of intersection 
with zero flow on the trace, to the intersection of a horizontal line 
representing a flow level of 6600 pounds mass per hour (3000 kg/hr) . The 
projection of the straight line ramp on the time scale (abscissa) gave 
the duration of the ramp. 

The value of the bootstrap frequency was determined by examination 
of the traces of alternator frequency and mercury pump speed (figs. 3(e) 
and 3 (f)) . A vertical dashed line was projected from the point on the 
mercury pump speed trace, where the first indication of increased speed 
was noted, to the point of intersection on the alternator frequency trace. 

As can be seen in figure 3(a), the mercury-liquid-flow ramp departed 
considerably from a straight line. From the 70 to the 75 second, on the 
time interval scale, the liquid flow trace drops off rapidly. The reason 
for this occurrence is that during this time interval, the boiler mercury 
inlet pressure rises to a level approaching the outlet pressure of the 
mercury pump (figs. 3(c) and 3(d)). The boiler inlet pressure rise causes 
immediate reduction in liquid mercury flow rate. The reduced liquid flow 
rate means a reduced venturi pressure drop. Since the flow control valve 
(V-230) feedback circuit compares the demand pressure drop with the venturi 
pressure drop (fig. 2) the analog computer integral and proportional control 
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sends an increased command signal to the flow control valve. This causes 
it to open quickly, in an attempt to match demand and actual flow rate. 

At approximately 82 seconds the pumps are bootstrapped. The mercury pump- 
motor assembly pumping capability now increases and the mercury flow rate 
rises. As the mercury flow rate approaches the demand flow rate the flow 
control valve starts to close (figs. 3(a) and 3(b)). The flow control 
valve continues to close until the actual and demand flow rates coincide. 

It was observed that the 100-second flow ramp used for startup 126 did not 
cause any severe liquid mercury flow rate overshoot problems. 

Startup 15 with a 60- second ramp and a bootstrap frequency of 220 
cycles per second is shown in figure 4. All pumps were bootstrapped except 
the mercury pump which was operated on auxiliary power at 400 cycles per 
second. It was observed that for this startup the flow control valve 
trace (fig. 4(b)) was relatively smooth. There was no fall off in mercury 
flow because the mercury pump was already running at 400 cycles per second. 

At this frequency the pump produced enough pressure head to overcome the 
increase in boiler inlet pressure during the flow ramp. Thus, valve V-230 
movement was minimized resulting in the actual mercury flow ramp closely 
following the demand flow ramp (fig. 4(a)). Operation of the mercury pump 
at 400 cycles per second on auxiliary power during the startup is impractical, 
however, when considering the weight and size of a battery-inverter package 
required for such operation. 

A comparison of 30, 60, and 80 second mercury-flow ramps is shown 
in figure 5. Only the mercury pump-motor assembly was bootstrapped for 
these runs. The bootstrap frequency was 260 cycles per second. The two 
parameters selected for ramp comparison were liquid mercury flow and flow 
control valve (V-230) position. An examination of figure 5(a), startup 
61, shows the result of the 30 second ramp. After approximately 20 seconds 
had elapsed during the startup ramp, the liquid mercury flow dropped off 
from a value of 5000 to 3750 pounds mass per hour (2300 to 1700 kg/hr) . 

This reduction in flow was the result of a buildup of boiler mercury inlet 
pressure to a level nearly equivalent to mercury pump outlet pressure. 

This problem was previously discussed in conjunction with the 100 -second 
flow ramp of startup 126 (fig. 3). For the 30-second ramp, however, the 
flow reduction results in a larger error from the demand flow than for the 
100-second ramp. The result is that the feedback control of valve V-230 
causes it to move rapidly to a more fully open position. This valve position 
is greater than required for the final flow of 6600 pounds mass per hour 
(3000 kg/hr) . This results in a large overshoot in flow when the pump 
accelerates even though the valve then closes down rapidly. The same 
effects are also manifested in the 60- and 80- second ramp times but to 
a lesser degree as ramp time is increased. 

The conclusion obtained from figure 5 is that flow ramps of 80 seconds 
or less are not desirable for startup of the SNAP-8 flight system. These 
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short ramps would complicate use of open loop control of the flow control 
valve. For dependability open-loop flow control is preferred in the flight 
system instead of feedback control as used during system startup tests. 

This flight-type open-loop flow control valve will be driven by an electric 
motor. Upon command from the start programmer the valve will be driven 
open, over a specified period of time, to a plateau position that will 
result in a mercury liquid flow of 6600 pounds mass per hour (3000 kg/hr) . 

For the short ramps (80 seconds or less) , valve V-230 with feedback 
control reached maximum openings of about 65, 40, and 20 percent of full 
open for the 30, 60, and 80 second flow ramps, respectively (fig. 5). 

These valve positions were considerably in excess of the final valve position 
required for the 6600 pounds mass per hour (3000 kg/hr) flow. If an open- 
loop flow control valve were opened to a position required for the final 
flow, then a very intricate variation of flow coefficient versus position 
would be required to provide the necessary maximum flow coefficient prior 
to pump bootstrap. The valve contour would require accurate knowledge of 
flight system pressure-drop variations with flow rate and would probably 
not be suitable for flow control during shutdown. Tests have shown that 
valve pressure drop variation is different in shutdown than in startup. 

If an open-loop valve with a monotonic variation of flow coefficient with 
position were used, it would have to be driven open to a position corresponding 
to the maximum openings of figure 5 . This would result in mercury flow 
rates much larger than 6600 pounds mass per hour (3000 kg/hr) at the con- 
clusion of the flow ramp. Excessively high mercury flows achieved over 
a relatively short time would impart severe temperature transients on the 
nuclear reactor. 

When ramp times from 100 to 145 seconds were used, the flow control 
valve (V-230) was not required to overshoot its final position. This can 
be seen by observing the V-230 position traces associated with figures 6 
and 7. Therefore, open-loop flow control can readily be accomplished for 
these longer ramp times. 

In figures 6 and 7, the startups are compared on the basis of three 
parameters: mercury liquid flow, valve (V-230) position, and alternator 

frequency. All four pumps were transferred from auxiliary to alternator 
power. The bootstrap frequency in figures 6(a), 7(a), and 7(b) was 290 
cycles per second and the bootstrap frequency in figure 6(b) was 220 cycles 
per second. The effect of bootstrap frequency on flow ramp is discussed 
in reference 9. 

The long flow ramps displayed in figures 6(a) and 6(b) are ideal from 
the standpoint of minimizing liquid mercury flow excursions and the move- 
ment of valve (V-230) necessary to accomplish system startup. The major 
problem in using a long flow ramp for startup of the SNAP-8 system is 
insufficient turbine acceleration. The long ramp causes the turbine- 
alternator speed to increase slowly after bootstrapping begins and therefore 


8 



the necessary alternator power to sustain four pumps results in a marginal 
startup region. A study of the alternator frequency traces between the 
interval of 120 to 135 seconds on both figures 6(a) and 6(b) indicates 
a reduction in frequency during bootstrapping before a level of 400 cycles 
per second is attained. This reduction occurs when power required for speed 
control is added to the alternator load. In particular, the frequency 
trace for the 145-second ramp (fig. 6(b)) shows severe turbine deceleration 
when speed control load is added to the alternator. In order to prevent 
an aborted startup all four pumps had to be removed from alternator to 
auxiliary power. The frequency trace for the 140-second ramp (fig. 6(a)), 
using a bootstrap frequency of 290 cycles per second, indicates a slight 
amount of deceleration before attaining a frequency of 400 cycles per 
second. Although the deceleration problem is not as serious as observed 
for the 145-second ramp, the startup sequence is still of a marginal nature. 
It was concluded that startup ramps of 140 to 145 seconds defined the 
upper limit of system ramp times. 

The final flow-ramp rate comparisons are shown in figures 7 (a) and 
7(b), startups 119 and 116, respectively. The traces of liquid mercury 
flow and flow control valve position (V-23Q) for these 100- and 120-second 
ramps are quite smooth. The flow control valve did not overshoot its 
final position indicating that open-loop flow control could be accomplished 
readily for either ramp. The liquid mercury flow traces also show that 
minimal flow excursions from a straight line ramp occurred during these 
startups. The one factor which resulted in selecting the 100-second ramp 
over the 120-second ramp was the alternator frequency trace. The bootstrap 
frequency for all four pumps was 290 cycles per second for both startups. 

The 100-second ramp, startup 119, shows a smooth increase in alternator 
frequency from 290 to 400 cycles per second, whereas the 120-second ramp, 
startup 116, shows a slight turbine deceleration over the same frequency 
range. It was concluded that a 120-second ramp did not provide enough 
margin from the upper limit of acceptable ramp times (140 to 145 sec.) . 

The 100-second ramp rate resulted in the most favorable startup mode of 
all the ramps investigated. 

Appendix A contains additional plots of the 9 startups previously dis- 
cussed in the report. The computer plots of digital data in figures 8 
through 16 show the results of all pertinent parameters associated with 
the four main SNAP-8 loops. The time interval between cycles plotted 
along the abscissa is approximately 11.43 seconds. A list of symbols and 
abbreviations precedes the plots. The parameters of boiler heat balance 
quality, mercury flow ratio quality, turbine- alternator overall efficiency, 
and condenser mercury inlet quality should be ignored in the transient 
plots, since steady-state equations were used to calculate them. 
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SUMMARY OF RESULTS 


1. Short mercury flow ramps, of 80 seconds or less, are not desirable 
for startup of the mercury loop. They prohibit use of open-loop flow 
control. A ramp rate of 80 seconds, therefore, defines the lower limit 

of startup ramp times . 

2. Long ramps, of 140 seconds or more, are not acceptable due to 
marginal turbine acceleration. The turbine accelerated slowly during 
the bootstrapping of the pumps. When the speed control power was added 
to the alternator load near rated speed unacceptable turbine deceleration 
resulted. A ramp time of 140 seconds, therefore, defines the upper limit 
of startup ramp time. 

3. A startup ramp of 120 seconds resulted in only small liquid- 
mercury flow excursions, and no overshoot of the flow control valve. 

However, there was a slight deceleration in the turbine after the bootstrapping 
of all four pumps was initiated. This result indicated that a ramp time 

with more margin form the upper limit would be preferrable. 

4. A ramp time of 100 seconds resulted in the most favorable startup 
mode for the system. The liquid mercury flow rate nearly achieved a straight 
line ramp. The flow control valve (V-230) was required to make only slight 
adjustments in flow rate. Finally, the turbine acceleration was continuous 
and no difficulty was encountered in transferring from auxiliary power to 
alternator power during bootstrapping of all four pumps . 
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APPENDIX A 


Digital Data Transient Plots and Legend Symbols 


A or ALT 

Alternator 

ASHE 

Auxiliary Start Heat Exchanger 

AUX 

Auxiliary 

BAL 

Balance 

BV 

Butterfly Valve 

COND 

Condens er 

DIFF 

Difference 

DISC 

Discharge 

FCV 

Flow Control Valve 

G 

Gravity 

HE 

Heat Exchanger 

HG 

Mercury 

HRL 

Heat Rejection Loop 

HT 

Heat 

HTR 

Heater 

IMM 

Immersion 

IN 

Inlet 

L/C 

.Lube Coolant 

MG 

Motor Generator 

MHE 

Motor Heat Exchanger 

NAK 

Sodium Potassium 

NPSH 

Net Positive Suction Head 

OUT 

Outlet 

REACT 

Reactivity 

PLR 

Parasitic Load Resistor 

PMA 

Pump -Mot or Assembly 

PN 

Primary NaK 

POS 

Position 

PRESS 

Pressure 

PRI 

Primary 

PWR 

Power 

RAD 

Radiator 

SSHE 

Space Seal Heat Exchanger 

T or TURB 

Turbine 

TAA 

Turbine-Alternator Assembly 

TEMP 

Temperature 

TERM 

Terminal 

V 

Valve 

VENT 

Venturi 

VLB 

Vehicle Load Bank 
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0 HCPHA SPEED X Y000 RPH 

0 HC PH A INLET PRESS X ' 10 PSIA 

A HC PHA OUTLET PRESS X- 100 PSIA 
♦ HC PHA INLET TUP X 100 F 

X HC PHA OUTLET TEMP /X 150 F 

O HC PHA ZERO C 1PSH X 5 FT 

A HC FCV POSITION X 10 0/0 


Fvcofce 9 GO. ~ Startup 58. He Pkrmae t€*s. 
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n.42> S&cortt>s 


©etloeeh Cvcl€S 


Figure ^(a). ~ Stkrtup 58. Hg Boiler 
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H-1B PLOT 5 HC BOILER PARAMETERS 
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□ BOILER HC IHET PRESS X 100 PSIA 

0 BOILER HC OUTLET PRESS X 100 PSIA 

A < BOILER HG INLET TEMP X 50 F 

♦ BOILER HC OUT SKIN TEMP % 200 F 

X BOILER HG OUT If*! TEMP X 150 F 

O BOILER NAK INLET TEH» X 150 F 

O BOILER NAK OUTLET TEMP X 150 F 

V BOILER TERM. TEMP DIFF. X 20 F 

Z BOILER HC LIQUID FLOW X 2000 LB/« 

Y BOILER HT. BAL. QUALITY 


PfcR**AE.TERS 
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CYCLE NUMBER . 

i\.43 Seconds Between Cycles 


Figure 9(f). - Startup 58. turbine 
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0 TURB. NOZZLE BOWL PRESS X 50 PS1A 

0 TURB. 1ST STAGE DISC. PRESS X 100 PS1A 

A TURB. 3RD STAGE IN PRESS X 100 PSIA 

♦ COM). HG INLET PRESS X 5 P^IA 

X TURB. NOZZLE BOM. TEMP X 150 F 

0 TURB. EXHAUST TEMP X 400 F 

6 TAA FREQUENCY X 75 HZ 

V BOGUE/HG SET FREQUENCY X 100 HZ 


fK LTERN^TOR P*R*MET€KS 
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H-IB PLOT 7 TAA RON AND POOR 
6 4 15 59 49 
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D HG VAPOR VENT. FLOW 

0 HC FLOW RATIO QUALITY 

A TAA POWER 

♦ PLR POWER 

X VLB POtCR 

0 TAA OVERALL EFFICIENCY 


X 2000 LB/HR 

• 

x to m 
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11.43 SECONDS BETWEEN CYCLES 


F\gure 9(f). ~ Startup S8. TM Flow and Pouier Parma eters 
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W.43 Sc combs ©etvoeem Cycles 
Figure. 9 (W), - StmctUP 58 . Co^e^ser 
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0 HG STANDPIPE ICICHT X 25 LB 
0 COM). HC INVENTORY X 10 LB 

A COM). HC INLET QUALITY 
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X COM). HC OUTLET TEMP X 100 F 
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T COM). OUTLET V-210 POS. X 10 0/0 
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Fig ore 9(0. - Startup S8. He- HRL 
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6 4 13 59 40 


D HC Y-206 POSITION X 15 I/® 
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A AUX. LOOP FLOW RATE X 1000 LB/HR 
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7 HRL PMA OUTLET PRESS X 10 PSIA 

Z RAD. NAK INLET PRESS X 10 PSIA 

Y COND. NAK INLET PRESS X 10 PSIA 

U HC STAND PIPE V-217 POS X 10 0/0 


Aurf Loop' Parameters. 




1143 Seconds Between* Cycles 
Figure io Q -). ~ Startup &>o, Loop 
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H-IB PLOT I NAK LOOP PARAMETERS 
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D PR! NAK FLOW X 10000 LB/W 

0 IGN1TR0N PW X 100 04 

A EXCESS REACT X 10 -25 CENT 

♦ PNPHA SPEED X 1000 RPM 
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Z PtPMA INLET TEMP X 500 F 


Paymasters. 
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CYCLE NUMBER 


U.4-3 SECONDS B*tvOS€^ CYCLES 

Figure \o G> y - Startup 6>0. HRL p*r**a steps. 
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HRLPMA SPEED X 1000 RPM 
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COND. OUTLET Tttf> X 75 F 

RAD. INLET TEMP X 75 F 
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H-1B PLOT 3 LC PARA1CTERS 
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L/C PMA SPEED 
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X 
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Figure \oXO. — Startup (oO. l/cl Pm*ameters. 
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H-tt PLOT 4 HC PARAMETERS RDC 
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HC PMA SPEED 
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HC PMA INLET PRESS 
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HC PMA OUTLET PRESS 
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U.43 Seconds 
FksOIle io GO. - 


Between cycles 

Startup 6,0. Wg. Loop eters. 
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- WA'h Seconds Between cycles 


Figure lOCe).-" Sr^fTya 40, Ug Boiler 
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BOILER HG I (LET PRESS X 100 PSIA 

BOILER HG OUTLET PRESS X 100 PSIA 
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BOILER NAK INLET WP X 150 F 

BOILER NAK OUTLET TEHP X 150 F 

BOILER TERH. TEH* OIFF. X 20 F 

BOILER HG LIQUID FLOW X 2000 LB/ttt 


BOILER HT. BAL. QUALITY 


Parameters 










H-1B PLOT 6 TURBINE ALTERNATOR ROC 466 
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CYCLE NUIQER 


11.43 Seconds between C VOLES 
Picture \oOfV- Startup ko. turbine 


H-1B PLOT 6 TURBINE ALTERNATOR RDC 466 

6 4 15 59 48 
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Tl*B. NOZZLE BOWL PRESS X 50 PSIA 

TURB. 1ST STAGE DISC. PRESS X 100 PSIA 
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COND. HG INLET PRESS X 5 PSIA 

TURB. NOZZLE BOHL TEMP X 150 F 

TURB. EXHAUST TEMP X 100 F 

TAA FREQUENCY X 75 HZ 

BOGUE/MG SET FREQUENCY X 100 HZ 
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kLTERNATOR PARAMETERS. 
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W~1B PLOT 7 TAA FLOW AND POtCR 
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D HC VAPOR VENT.' FLOW X 2000 LB/HR 

0 HG FLOW RATIO QUALITY 
A TAA POWER X 10 

♦ PLR POICR X 10 

X VLB POICR X 10 

0 TAA OVERALL EFFICIENCY X 10 0/0 


U.43 Seconds Between Cvct.es 


Figure \0 C %). - • Stkriw 40: T hh Flow PoWCR B\R*>Acr&Rs 
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M-1B PLOT 8 COMIENSER PARAMETERS 
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w.43 Seconds between Cycles 
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FttOEE ioO). — Stkrtup.co. Condcwscr 
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N-1B PLOT 8 COMJENSER PARAMETERS 
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D HC STANDPIPE HEICHT X 25 LB 

0 COM). HC INVENTORY X 10 LB 

A C0ND. HC INLET QUALITY 

♦ COND. hFINLET TEM» X 75 F 

X COND. HC OUTLET TEMP X 100 F 
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□ PRI NAK FLOW X 10000 LB/HR 

0 IGN1TRON PHR X 100 KH 

A EXCESS REACT X 10 -25 CENT 

♦ PNPMA SPEED X 1000 RPM 
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0 BOILER INLET TEMP X 200 F 

7 . BOILER OUTLET TEW* X 200 F- 

2 PNPMA INLET T&P X 500 F 
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Fi&org \\ lay - Startup Col. Nak Loo? Parameters. 
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H-1B PLOT 3 LC PARAMETERS RDG 467 
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Figure \\ CO. - Startup &\. L/c P^rmaet^rs. 
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Startup 61. Hg Loop p*r*w\eters. 
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H-1B PLOT 5 MG BOILER PARAMETERS ROC 467 
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D BOILER HG INLET PRESS X 186 PSIA 

0 BOILER HG OUTLET PRESS X 1®® PSIA 

A BOILER HG INLET TEMP X 50 F 

+ BOILER HG OUT SKIN TEMP X 26® F 

X BOILER HG OUT IMM TEMP X 150 F 

0 BOILER NAK INLET TEMP X 15® F 

ft BOILER NAK OUTLET TEMP X IS® F 

V BOILER TERM. TEMP BIFF. X 20 F 

Z BOILER HG LIQUID FLOW! X 200® LB/HR 

Y BOILER HT. BAL. QUALITY 


CYCLE NUMBER 


1 1.43 Seconds Betvjeem Cycles 


Figure il (e). ra Startup <o\. Boiler Parameters. 
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M-1B PLOT S TUR81IC ALTERNATOR 
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11.43 seconds Between cycles 
Figure W'GO- ~ Startup . Turbine 
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A TURB. 3RD STAGE IN PRESS X 100 PSIA 

♦ COM). HG INLET PRESS X 5 PSIA 

X TURB. NOZZLE BOM. TEMP X 150 F 

0 TURB. EXHAUST TDf> X 100 F 

6 TAA FREQUENCY X 75 HZ 

T BOGUE/MG SET FREQUENCY X 100 HZ 
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Figure uay- Stmrtup Col. TAvf\ flovj md Power Paymasters. 
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H-1B PLOT 8 CONDENSER PARAMETERS RDC 467 
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□ HG STANDPIPE HEIGHT X 25 LB 
0 COND. HG INVENTORY X 10 LB 

A COND. HG INLET QUALITY 

♦ COND. HG INLET TEMP X 75 F 

X COND. HG OUTLET TEMP X 100 F 

0 COND. HG INLET PRESS X 5 PSIA 

6 COND. HG OUTLET PRESS X 10 PSIA 

V COND. OUTLET V-210 POS. X 10 0/0 


il AZ Seconds B€-r*)E6*4 Cycles 

Figure \t(V*Y- Stmttup Col. Condenser 
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D HG V-206 POSITION X 15 8/8 

0 COM). NAK FLOW RATE X 10000 LB/HR 

A AUX. LOOP FLOH RATE X 1000 LB/HR 

♦ ML V— 314 POSITION X 10 0/0 

X ASIC AUX. SIDE INLET TEMP X 100 F 

0 ASIC AUX. SIDE OUTLET TEMP X 150 F 

ft HRL PMA INLET PRESS X 10 PSIA 

¥ m. PMA OUTLET PRESS X 10 PSIA 

Z RAD. NAK INLET PRESS X 10 PSIA 

Y COM). NAK INLET PRESS X 10 PSIA 

17 HG STAND PIPE ¥-217 POS X 1® 0/0 


Loop Parameters 
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6 25 19 59 49 


ROC 565 


□ PR] NAK FLOH X 30000 LB/HR 

0 ICN1TRON PHR X 100 KU 

A EXCESS REACT X 10 -25 CENT 

♦ PNPMA SPEED X 3000 RPM 

X HEATER INLET TEMP X 150 F 

0 HTR OUTLET TEMP X 150 F 

0 BOILER INLET TEMP X 200 F 

V BOILER OUTLET TEMP X 200 F 

Z PNPMA IM.ET TEMP X 500 F 
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M-1B PLOT 2 WRL PARAMETERS 
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LB/HR 

0 

HRLPMA SPEED 

X 

1000 

RPM 

A 

BV-10 POSITION 

X 

20 

0/0 

♦ 

BV-12 POSITION 

X 

20 

0/0 

X 

RAD-1 AIR I HIT 

X 

10 

F 

0 

RAD-2 AIR INLET 

X 

10 

F 

6 

RAD-1 AIR OUTLET 

X 

50 

F 

7 

RAD-2 AIR OUTLET 

X 

50 

F 

Z 

COM). INLET TEMP 

X 

100 

F 

Y 

COM). OUTLET TEMP X 

75 

F 

V 

RAD. INLET TEMP 

X 

75 

F 


RDG 5® 


1143 SECONDS BBTVWES.KS CYCLES 


Figure 12(b),- Stkrtup iis. Wrl Paymasters* 



ROC 565 


tt-TB PLOT 5 LC PARAICTERS 
6 25 19 59 49 



CYCLE NUMBER 

WA'b SECONDS ©ETWEEKJ c^cues 


Figure \*L (fc\- Startup \ 15. L/C 


SSSSSSP 


ROC 565 


H-1B PLOT 5 LC PARAICTERS 
6 25 19 59 49 


0 L/C PMA SPEED X 1006 RPH 

0 T.SSHE-A.HE FLOW X 500 LB/NR 

A TURB. SSHE INLET TEMP X 25 F 

♦ TUfc. SSHE OUTLET TEMP X 25 F 

X ALT. H.E. INLET TEMP X 50 F 

H.E. OUTLET TEH* X 50 F 

PHA SSHE FLOW X 350 LB/MR 

PMA SS*£ INLET TEW* X 75 F 

PMA SS*€ OUTLET TEMP X 50 F 

PMA MOTOR HE FLOW X 30 LB/** 

PMA MHE INLET TEMP X 100 F 

PMA M*E OUTLET TEW 3 X 100 F 


Parameters 
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ROC 565 


IMB PLOT 4 HC PARAICTERS 
6 25 16 59 40 


PHA SPEED 
PHA INLET PRESS 
PHA OUTLET PRESS 
PHA INLET TE*» 
PHA OUTLET TEJ»» 
PHA ZERO C H*SH 
FOV POSITION 


LOOP Pp*RMAET&^£. 


X 1000 RPH 

X 10 PS1A 

X too PSIA 

X 100 F 

X 150 F 

X 5 FT 

X 10 0/6 









W-1B PLOT 5 HC BOILER PARAMETERS 
S 23 19 59 49 


ROC 565 


BOILER HG INLET PRESS X 100 PSIA 

BOILER HG OUTLET PRESS X 100 PSIA 

BOILER HG INLET TEMP X 50 F 

BOILER HG OUT SKIN TEMP X 200 F 

BOILER HG OUT IMM TEMP X 150 F 

BOILER NAK INLET TEMP X 150 F 

BOILER NAK OUTLET TEMP X 150 F 

BOILER TERM. TEMP DIFF. X 20 F 

BOILER HG LIQUID FLOW X 2000 L 

BOILER HT. BAL. QUALITY 


PM** KETE RS 








m~!» plot 6 Ttjfffiiwi 

S 23 IS 59 4® 


90S 593 


H-IB PLOT 5 TURBINE ALTERNATOR 
9 23 19 59 49 


RDS 593 



CYCLE WJMEi 


Q TURB. NOZZLE BOM. PRESS X 50 PSIA 

0 TURB. 1ST STACE DISC. PRESS X 100 PSIA 

A TURB. 3RD STAGE IN PRESS X 100 PSIA 

♦ COM). HG INLET PRESS X 5 PSIA 

X TURB. NOZZLE BOM. TEff* X 150 F 

0 TURB. EXHAUST TEMP X 100 F 

A TAA FREQUENCY X 75 HZ 

7 BOGUE/MG SET FREQUENCY X 100 HZ 


11.43 seconds biltweem cycl.es 


Figure ICL(4).- Stkrjup US, ToRBiue - Kltes.hm’or Pyrame tebs. 



W-TB PLOT 7 TAA FLOW AND POICR 
6 23 1 9 59 49 


RDG 563 



CYCLE NUMBER 


H-tB PLOT 7 TAA FLOW AND POICR RDG 585 

6 23 19 59 49 


D HG VAPOR VENT. FLOW X 2000 LB/HR 

0 HG FLOH RATIO QUALITY 
A TAA POICR X 10 

4 PLR POICR X 10 

X VLB POICR X 10 

0 TAA OVERALL EFFICIENCY X 10 0/0 


H.45 5ECOK1D5 B6.TW6E.tsI CYCLES 


Pigore “ Startup US. TAi* Flow Pomjer P*r#s.meters. 
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M-f® HOT I C«SS PARAMETERS ROC $83 



1143 seconds seryoeski^ cycles 


H-t® PLOT 8 CONDENSER PARAMETERS ROC W3 

6 25 19 50 49 


0 HC STANDPIPE NE16HT X 25 LB 
0 COM). HC INVENTORY X tO LB 

A COM). HC INLET QUALITY 

♦ COM). HC INLET TEMP - X 75 F 

X COM). HC OUTLET TEMP X 100 F 

0 COM). HG INLET PRESS X 5 PSIA 

6 COM). HC OUTLET PRESS' X 10 PSIA 

V COM). OUTLET V-210 POS. X 10 0/0 


FtaiiRe-- &G0. - Startup ilSL Coupcu ssb. pM**weT€*s. 



M-1B PLOT 9 HG-HRL-AUX. LOOP PAR ALTERS ROG 563 

6 25 19 59 49 



CYCLE NUMBER 

U.43 SECONDS BETWEEN CTCLtS 


H-1B PLOT 9 HG-HRL-AUX. LOOP PARAJCTERS ROG 583 
6 23 19 59 49 


D HG V-206 POSITION X 15 0/© 

0 COND. NAK FLOW RATE X 10000 LB/HR 

t AUX. LOOP FLOW RATE X 1000 LB/HR 

4 HRL V-314 POSITION X 100/0 

X ASIC AUX. SIDE INLET TEMP X 100 F V 

0 ASHE AUX. SIDE OUTLET TEMP X 150 F 

0 HRL PHA INLET PRESS X 10 PSIA 

7 HRL PMA OUTLET PRESS X 10 PSIA 

2 RAD. NAK INLET PRESS X 10 PSIA 

Y COND. NAK INLET PRESS X 10 PSIA 

V HG STAND PIPE V-217 POS X 10 0/0 


Fi&ure \'2.CO. - Stkrtup U5. Kg- KKL- Aux, Loop Pp^amcters. 



M-tB PLOT 1 NMC LOOP PARAMETERS RD6 564 



CYCLE WMKR 

11.43 S£Get4DS between CYCLES 


H-1B PLOT 1 NMC LOOP PARAMETERS RDG 564 

6 24 11 57 47 


0 PR1 NMC FLOH X 10000 LB/I* 

0 1CNITR0N PW X tOO ICH 

A EXCESS REACT X 10 -25 CENT 

♦ PtPHA SPEED X 1000 RPM 

X ICATER INLET TEMP X 150 F 

0 HTR OUTLET TEMP X 150 F 

0 BOILER IM-ET TEM> X 200 F 

7 BOILER OUTLET TEMP X 200 F 

Z PNPHA INLET TEW* X 500 F 


Figure Startup IK©. NMC Loop 




H-1B PLOT 2 HRL PARA1CTERS 
. 6 24 H 57 47 


ROC 564 


D HRL NAT FLOW X 10000 LB/HR 

0 HRLPttt SPEED X 1000 RPM 

A BV-10 POSITION X 20 0/0 

♦ BV-12 POSITION X 20 0/0 

X RAD-1 AIR INLET X 10 F 

0 RAD-2 AIR INLET X 10 F 

6 RAD-1 AIR OUTLET X 50 F 

V RAD-2 AIR OUTLET X 50 F 

2 COND. INLET TEMP X 100 F 

V COND. OUTLET TEN* X 75 F 

V RAD. INLET TEMP X 75 F 


PM**MeT£RS. 










roc m 


M-1B PLOT i LC PARAMETERS 
6 24 11 37-47 


0 L/C PMA SPEED X 1000 RPM 

0 T.SS1C-A.1C FLOW X 300 LB/HR 

A TURB. SStC INLET TEJ*» X 25 F 

♦ TURB. SSHE OUTLET TEJ*» X 25 F 

X ALT. H.E. lfLET TEMP X 50 F 

0 ALT. H.E. OUTLET TEJ* X 50 F 

0 HC PMA SSHE FLOW X 550 LB/I* 

V HG PMA SSHE INLET TE*> X 75 F 

Z HG PMA SSHE OUTLET TE1* X . 50 F 

V HG PMA MOTOR 1C FLOW X 30 LB/HR 

V HG PMA HC INLET TEMP X 100 F 

0 HG PMA MHE OUTLET TEMP X 100 F 











ROC 564 


N-1B PLOT 4 HG PARAttiTERS 



CYCLE NUWER 

11.45 SECONDS BETWEEN cSfCLEB 

Figure I5GD. - Startup \\q>. Hg 


****** 


ROC 564 


H>1B PLOT 4 HG PARAMETERS 
6 24 11 57 47 


D HG PMA SPEED X 1000 RPM 

PMA INLET PRESS X 10 PSIA 

PMA OUTLET PRESS X 100 PSIA 

PMA INLET TEMP X 100 F 

PMA OUTLET TEMP X 150 F 

PMA ZERO G NPSH X 5 FT 

FCV POSITION X 10 0/0 


Loop P^* METERS. 




ROC 584 



H-1B PLOT 5 HC BOILER PARAKTERS ROC 564 

6 24 II 57 47 


BOILER HC INLET PRESS X 100 PSU 

BOILER HC OUTLET PRESS X 100 PSU 

BOILER HC INLET TEHP X 50 F 

BOILER HC OUT SKIN TEH* X 200 F 

BOILER HC OUT INI TEH* X 150 F 

BOILER NAK INLET TEH* X 150 F 

BOILER NAK OUTLET TEH* X 150 F 

BOILER TERM. TEH* OIFF. X 20 F 

BOILER HC LIQUID FLOW X 2000 LB/Ht 
BOILER HT. BAL. QUALITY 









N-IB PLOT 6 TURBIfC ALTERNATOR ROC 564 

6 24 II 57 47 



CYCLE NUMBER 

WA’b SECOWOS , BETWEEN CYCLES 

Figure \3Cf). - Startup UC , Turbine 


W-1B PLOT 6 TURBINE ALTERNATOR 
6 24 II 57 47 


ROC 564 


D TURB. NOZZLE BOHL PRESS X 50 PSIA 

0 TURB. 1ST STAGE DISC. PRESS X 100 PSIA 

A TURB. 3RD STAGE IN PRESS X 100 PSIA 

♦ COW. HG INLET PRESS X 5 PSIA 

X TURB. NOZZLE BOM. TEMP X 150 F 

0 TURB. EXHAUST TEMP X 100 F 

A TAA FREQUENCY X 75 HZ 

7 BOGUE/MG SET FREQUENCY X 100 HZ 


hlTtRNATOR PARAMETERS', 



H-1B PLOT T TAA FLOM AW POtCR RDC 584 

g 24 ! 1 S? 4? 

. i 



€¥CU> WMSGt ' . 

11.4^ 5SCOMOS between cycles 


M-1B PLOT 7 TAA FLOM AND POtCR NOG 564 

6 24 11 57 . 47 


0 HG VAPOR VENT. FLOH X 2000 LB/tt 

0 HG FLOW RATIO QUALITY 
A TAA POtCR X 10 

♦ PLR POtCR X 10 

X VLB POtCR X 10 

O TAA OVERALL EFFICIENCY X 10 0/0 



Figure 13(f). » Startup \\Q>. tm* Plow /ujd Power Vkrameters. 

“s. • • 
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H-1B PLOT 8 CONDENSER PARA1CTERS RDG 584 

6 24 11 5T 47 



CYCLE NUMBER 


\\.4b SECOMQS ©6TV466W C^CLfife 


□ 

0 

A 

♦ 

X 

0 

A 

V 


Figure V3(v>). - Startup 1 16>. C.owt>skiser 


H-tB PLOT 8 CONDENSER PARAMETERS 
6 24 II 57 47 


RDG 584 


■•v 


HG STANDPIPE HEIGHT X 25 LB 
COND. HG INVENTORY X 10 LB 
COND. HG INLET QUALITY 
COND. HG INLET TEMP X 75 F 

COND. HG OUTLET TEMP X 100 F 

COND. HG INLET PRESS X 5 PSIA 

COM). HG OUTLET PRESS X 10 PSIA 

COND. OUTLET V-210 POS. X 10 0/0 





M~m mr § loop pmmms roc 564 

6 24 11 SI 47 



CYCLE NUMBER 

IL4B aCONDS SSTV-iEEN CYCLES 
.-Figure. I3W-- Startup IlG . U&-HRL 


H-1B PLOTS HC-HRL-AUX, LOOP PARAICTERS ROC 564 
6 24 It 37 47 


0 

0 

A 

4 

X 

0 

0 

7 

z 

Y 

P 


HC V-206 POSITION \. 
COM). NAK FLOW RATE 
AUX. LOOP FLOW RATE 
ML V-314 POSITION 
ASHE AUX. SIDE IM-ET TEMP 
ASIC AUX. SIDE OUTLET TEMP 
HRL PMA INLET PRESS 
HRL PMA OUTLET PRESS 
RAD. NAK INLET PRESS 
COM). NAK INLET PRESS 
HC STAM) PIPE V-2I7 P0S 


X !5 9/9 
X 10000 LB/HR 
X 1000 LB/lft 
X 10 9/9 

X too F 

X 150 F 

X .10 PS1A 

X 10 PS1A 

X 10 PS1A 

X 10 PSIA 

X 10 9/9 


A^ujctoop Parameters 












H>1B PLOT I NA K LOOP PARAMETERS ' ROC 585 

e 24 12 44 48 


D PR1 NAK FLOW X 10000 LBd* 

0 ICNITRON PUR X 100 KM 

A EXCESS REACT . X 10 -25 CENT 

♦ PfPMA SPEED X 1000 RPM 

X tfATER INLET TB*> X 150 F 

0 HTR OUTLET TEMP X 150 F 

0 BOILER INLET TEMP X 200 F 

7 BOILER OUTLET TEMP X 200 F 

2 FWW INLET TEMP X 500 F 


PMtM*E-reR£. 









w-n plot 2 hrl pmmm® roc ses 

i 2i 12 44 48 



CYCLE we 

It 43 seconds 

Figure 14 GO.- . Startup 117 . hrl 


.U-tB PLOT 2 W. PARAICTERS 

6 24 12 44 48 


ROC 58 & 


0 HRL NAT FLOM X 10000 LB/HR 

0 HRLPMA SPEED X 1000 RPH • 

A BV-10 POSITION X 20 0/0 

* BV-12 POSITION X 20 0/0 . 

X RAD-1 AIR INLET X 10 F 

O RAO-2 AIR INLET X 10 F 

O RAO-1 AIR OUTLET X 50 F 

7 RAO-2 AIR OUTLET X 50 T 

2 COM). INLET TEMP X 100 F - 

Y COND. OUTLET TEMP X 75 F 

17 RAO. 1MXT TEMP X 75 F 


pAe*i*eTeRs. 






ROC 565 


- H-1B PLOT 5 LC PARAMETERS 
6 24 12 44 48 


D L/C PMA SPEED X 1000 RPH 

0 T.SSHE-A.HE FLOW -X 500 LB/H* 

A 'TIA®. SSHE INLET TEMP X 25 F 

♦ TURB. SSfC OUTLET TEMP X 25 F 

X ALT. H.E. INLET TE*> X 50 F 

H.E. OUTLET TEH* X 50 F 

PMA SSHE FLOW X 350 LB/HR 

PMA SSfC INLET TEMP X 75 F 

PMA SSHE OUTLET TEH* X 50 F 

PMA MOTOR HE FLOW X 30 LB/W 

PMA HC INLET TEMP X 100 F 

PMA H€ OUTLET TEH* X 100 F 












RDG 585 


h-tb plot & hg parmcters 

€ 24 12 44 48 

H.I 

9.9 

u 

1.9 

«.• 

S.f 

4.1 

5.4 

2.9 

1.1 

9.9 

.9 

CYCLE NUMBER 

11.45 SECONDS © 6 .TVS/ 6 .HK) CYCLES 

Figure 14 CdC ). - Startup H7. Mg 



CYCLE NUMBER 


£333335 


H-1B PLOT 4 HC PARMCTERS ROG 586 

6 24 12 44 48 


PMA SPEED X 1000 RPN 

PMA INLET PRESS X 10 PS1A 

PMA OUTLET PRESS X 100 PSIA 

PMA INLET TEMP X 100 F 

PMA OUTLET TEMP X 150 F 

PMA ZERO G H*SH X 5 FT 

FCV POSITION X 10 0/0 


Loop Parameters .. 



RDC 585 


W-»B P LCT 5 HG BOILER PARAMETERS RDG 585 

6 24 12 44 48 
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CYCLE NLfCER 


H-IB PLOT 5 
6 24 


HG BOILER PARAMETERS 
12 44 48 


a 

o 

A 

♦ 

X 

0 

a 

v 

Z - 
Y 


BOILER HG INLET PRESS .X ft>0 
BOILER HG OUTLET PRESS X 100 
BOILER HG INLET TEMP X 50 
BOILER HG OUT SKIN TEMP X 200 
BOILER HG OUT I MM TEH* X 150 
BOILER NAK INLET TEMP X 150 
BOILER NAJC OUTLET TEW> X 150 
BOILER TERM. TEMP DIFF. X 20 
BOILER HG LIQUID FLOW X 2000 
BOILER HT. BAL. QUALITY 


PS1A 

PSIA 

F 

F 

F 

F 

F 

F 

LB/HR 


11.43 SE.CONJOS ©STVJ£EM CVCL6S 


Fusuet 14(e).- Startup in. H<i Soilcr 







H-tB PLOT S TONE TOG 585 

6 24 12 44 48 



U.42> Seconds ©etwieen cscl.es 
Figure 14 OF). " Startup "7. Turbine - 


h-ib plot 5 turbuc alternator 

€ 24 12 44 48 


TOC 985 


TURB. NOZZLE BOM. PRESS X 50 PSIA 

TURB. 1ST STAGE DISC. PRESS X 100 PSIA 

TURB. 3RD STAGE IN PRESS X 100 PSIA 

COM). HG I MIT PRESS X 5 PSIA 

TURB. NOZZLE BOM. TEH* X 150 F 

TURB. EXHAUST TEH* X 100 F 

TAA FREQUENCY X 75 HZ 

BOGUE/HG SET FREQUENCY X 100 HZ 


Alternator Parameters. 



RDG 595 


W-?B *>LCT 7 taa TLCW AW *Oi£R 

£ 24 12 44 46 



CYCLE NUMBER 

11.4© seconjd& ©eTvgetKJ cycles 
Figure \4C$). - Startup M7. TAA Flow 


h-ib plot i taa flow and poher 

6 24 12 44 46 


RDG 565 


D HG VAPOR VENT. FLOW 

0 HG. FLOW RATIO QUALITY 

A TAA POtCR 

♦ PLR POHER 

X VLB POHER 

A TAA OVERALL EFFICIENCY 


X 2000 LB/HR 

X 10 KH 

X 10 KH 

x io ku 

X 10 0/0 


and Powe r Parameters. 



h-ib plot a condenser paraicters rdg 505 



CYCLE NUMBER 


W.Arb 5ECOK1D3 BEXVUeBls) CYCLES 


D 

0 

A 

♦ 

X 

0 

A 

7 


Figure H-(hV - Startup U7. Cokjdew^er 
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H-IB PLOT 8 CONDENSER PARAMETERS 
6 24 12 44 48 


RDG 505 


HC STMDP1PE HEIGHT X 25 LB 
COM). HG INVENTORY X 10 LB 
COM). HG INLET QUALITY 
COM). HG INLET TEMP X 75 F 

COM). HG OUTLET TEI*> X 100 F 

COM). HG INLET PRESS X 5 PSIA 

COM). HG OUTLET PRESS X 10 PSIA 

COM). OUTLET V-210 POS. X 10 0/0 


PM^METeRS, 



k-'B $ MG-HRL-AL'X. LCC» *ARA»E t ERS RTG 565 

£ 24 T2 U 48 



CYCLE NUMBER 

U.42> SECONDS BETWEEN CYCLES 

* i 

Fig,oR£ 14 Cl)." Startup 111 Hi- 
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M-1B PLOT t NAT LOOP PARAICTEPS 

6 24 14 44 48 


POO 587 
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M-1B PLOT 1 
8 24 


NNC LOOP PAMICTOS 
14 44 48- 


POO 587 


0 

PPI NAT FLOW 

X 

toooo lb/w 

0 

1CN1TP0N PUP 

X 

100 KH 

A 

EXCESS REACT 

X 

10 -25 CENT 

♦ 

FWtt SPEED 

X 

1000 RPH 

X 

tCATER INLET TEH* 

X 

150 F 

0 

HTR OUTLET TEH* 

X 

150 F 

A 

BOILER INLET TEN* 

X 

200 F 

7 

BOILER OUTLET TEH* X 

200 F 

Z 

PNPHA INLET TEH* 

X 

500 F 


11.45 5ECOMDS BSTWeeM CVCL6S 


FieuRe 1 5 (a). -S tartup ii 9 . NaK Loop Parameters. 












H-1B PLOT 2 HRL PARAICTERS 
£ 24 14 44 48 


ROC 587 



CYCLE NUMBER 

u.«v*> seconds BCTweew c^ca-es 


Figure 15(b).- Startup U9. HRL 


H-1B PLOT 2 HRL PARAMETERS 

£ 24 14 44 41 


ROC 587 


D HRL NAK FLOW X 10000 LB/HR 

0 HRLPMA SPEED X 1000 RPH 

A BV-10 POSITION X 20 0/0 

♦ BV-12 POSITION X . 20 0/0 

X RAD-1 AIR INLET X 10 F 

O RAD-2 AIR INLET X 10 F 

ft RAD-1 AIR OUTLET X 50 F 

V RAD-2 AIR OUTLET X 50 F 

Z COND. INLET TEMP X 100 F 

Y COND. OUTLET TEMP X 75 F 

17 RAD. INLET TEMP X 75 F 


Parameters . 




M-1B PLOT 5 LC PARWCTERS 
6 24 14 44 48 



28.1 3M 

CYCLE NUMBER 


1142) SECONDS BCTvAJS.6>4 CVO-tS 


Figure 15 (c.).- Startup 119. L/C 


IMB PLOT 3 LC PARAICTERS ‘ ROC 587 

8 24 14 44 48 _ 

I 

/ 


D L/C PMA SPEED X 1000 RPH 

0 T.SSIC-A.1C FLOW X 300 LB/I* 

e A TUR8. SS*€ INLET TEMP X 25 F 

♦ TURB. SSk€ OUTLET TEMP X 25 F 

X ALT. H.E. INLET TEMP X 50 F 

O ALT. H.E. OUTLET TE*» X 50 F 

A HG PMA SSHE FLOH X 350 LB/HR 

V HG PMA SStC INLET TEM> X 75 F 

Z HG PMA SSHE OUTLET TEMP X 50 F 

V HG PMA MOTOR HE FLOH X 30 LB/t* 

V HG PMA NC INLET TEMP X 100 F 

0 HG PMA NC OUTLET TEMP X 100 F 


Parameters 





M-1B PLOT 4 HC PARAMETERS ROC 587 

6 24 14 44 48 ^ 
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H-ta PLOT 4. HC PARAMETERS " ~ ROC , 587 



6 24* 14 

44 

48 

0 

HC PHA SPEED 

X 

1000 RPM 

0 

HC PHA INLET PRESS 

X 

10 PS!, 

A 

HC PHA OUTLET PRESS 

X 

100 PSli 

♦ 

HC PHA INLET TEH* 

X 

too r 

X 

HC PHA OUTLET TEMP 

X 

150 F 

0 

HC PHA ZERO C f#>SH 

X 

5 FT 

6 

HC FCV POSITION 

X 

10 0/0 
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Figure 15 (dL).- S tartup 119 . H<s Loop R^rameters 




M-tB PLOT 5 HG BOILER PARA1CTERS ROC 507 

• 0 24 14 44 40 

11.1 
M 
LI 
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9.9 19.9 29.9 39.9 49.9 99.9 

CYCLE NUWER 

W.Arb secomds BETVAjeesJ or cues 
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IMB PLOT 5 HC BOILER PARAMETERS ROC 507 

0 24 14 44 40 


D BOILER HC IMJTT PRESS X 100 PS1A 

0 BOILER HC OUTLET PRESS X 100 PSIA 

A BOILER HC IMXT TEJf» X 50 F 

♦ BOILER HC OUT SKIN TEMP X 200 F 

X BOILER HG OUT IMH TEMP X 150 F 

0 BOILER NAK INLET TEH* X 150 F 

0 BOILER NAK OUTLET TEMP X 150 F 

V BOILER TERM. TDf» DIFF. X 20 F 

2 BOILER HG LIQUID FLOW X 2000 LB/lflt 

Y BOILER HT. BAL. QUALITY 


Figure 16(e).- Startup 119. He Boiler Raranneter* 






H-1B PLOT 6 TW»1IC ALTERNATOR 
6 24 14 44 46 


ROC 567 


H-1B PLOT 6 TURBIfC ALTERNATOR 
6 24 14 44 48 


ROC 567 



CYCLE ' NUMBER 


D TURB. NOZZLE BOW. PRESS X 50 PSIA 

0 TURB. 1ST STAGE DISC. PRESS X 100 PSIA 

A Tl m. 5RD STAGE IN PRESS X 100 PSIA 

♦ COND. HG INLET PRESS X 5 PSIA 

X TURB. NOZZLE BOWL TEMP X 150 F 

0 TURB. EXHAUST TEMP X 100 F 

0 TAA FREQUENCY X 75 HZ 

7 BOGUE/MG SET FREQUENCY X 100 HZ 


1 1.4^ secoKioc, bet^eem cycles 


Fi&ure 15(f).- Startup H9. Turbin^ Alternator Parameters 



H-tg PLOT 7 TAA FLOW AW POWR RDG 587 

6 24 14 44 48 



II A'h S»£COMO» BSTWE-EW CYCLES - 


M-1B PLOT 7 TAA FLOW AND POICR RDG S87 



8 24 14 44 

48 

0 

HG VAPOR VENT. FLOW 

X 2000 LB/M) 

0 

HG FLOW RATIO OUALITY 


A 

TAA POWER 

X 10 KM 

♦ 

PLR POtCR 

X 10 KM 

X 

VLB POWER 

X 10 KM 

0 

TAA OVERALL EFFICIENCY 

X 10 0/0 



Figure 16(g)- Startup "9 - TAA Flow and Rswer B^RANseimRs 



H-tB PLOT 8 CONDENSER PARAMETERS RDG 587 
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Figure 15 (K).- Startup 119. Condense 
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H-!B PLOT 8 CONDENSER PARAMETERS RDG 587 

8 24 . 14 44 48 


HG STANDPIPE HEIGHT X 25 LB 
COND. HG INVENTORY X 10 LB 
COND. HG INLET QUALITY 
COND. HG INLET TEMP X 75 F 

COND. HG OUTLET TEMP X 100 F 

COND. HG INLET PRESS X 5 PS1A 

cond. hg Outlet press x io psia 

COND. OUTLET V-210 POS. X I0«/fr 


FXranaeters 




M-!B PLOT 9 HC-HRL-AUX. LOOP PARAMETERS ROC 587 
6 24 14 44 48 


0 

0 

A 

♦ 

X 

0 

0 

7 

Z 

Y 

V 


HC V-208 POSITION 
COM). NAIC FLOW RATE 
AUX. LOOP FLON RATE 
HRL V-514 POSITION 
ASHE AUX. SIDE INLET TEMP 
ASIC AUX. SIDE OUTLET TEMP 
HRL PHA INLET PRESS 
HRL PHA OUTLET PRESS 
RAD. NAK INLET PRESS 
COM). NAK I MET PRESS 
HC STAND PIPE V-217 POS 


X .15 O/O 
x roooo LB/M* 
X 1000 LB/HR 
X 10 0/9 

X 100 F 

X* 150 F 

X 10 PSU 

X 10 PSIA 

X 10 PSIA 

X 10 PSIA 

X 10 0/0 


HRL- Aox. Loop PARAMETERS 




W-1B PLOT I NAK LOOP PARAWTERS ROC 65C 

6 26 12 59 50 


PR! NAIC FLOW X 10000 LBAf 

IGNITRON PHR X 100 KH 
EXCESS REACT X 10 -25 CENT 

Pf'PMA SPEED X 1000 RPH 

HEATER I MET TEW X 150 E 
HTR OUTLET TEMP X 150 F 
BOILER 1M£T TEW X 200 F 
BOILER OUTLET TEW X 200 F 
PNPMA INLET TEW X 500 F 


PKRM4E.TE.RS-. 









H-18 PLOT 2 m. PARAJCTERS 
6 26 12 39 50 


ROC 630 



H-tB PLOT 2 ML PARAMETERS 
6 26 12 36 50 


ROC 630 


tfiL NAT FLOW X 10000 LB/HR 

HRLPNA SPEED X 1000 RPH 

BV-10 POSITION X 20 0/0 

BV-12 POSITION X 20 0/0 

RAO-1 AIR INLET X 10 F- 

RAO-2 AIR INLET X 10 F 

RAD-1 AIR OWLET X 50 F 

RAD-2 AIR OUTLET X 50 F 

COM). INLET TD*> X 100 F 

COND. OUTLET TEH* X 75 F 

RAD. INLET TO*» X 75 F 









W-IB PLOT 3 LC PARAMETERS ROC 630 

6 26 12 39 50 



CYCLE NUTCER 


\\A^> SECONDS • BETWEEN! CYCLES 


Figure )&(c). - Stkrtup '2.6- L/c . 
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H-IB PLOT 3 LC PARAMETERS RDG 630 

6 26 12 39 50 


□ L/C PMA SPEED X 1000 RPH 

0 T,SS1€-A.1€ FLOW X 300 Lfl/H* 

A TURB. SS1C INLET TEMP X 25 F 

+ TURB. SSTE OUTLET TEMP X 25 F 

X ALT. H.E. INLET TEMP X 50 F 

O ALT. H.E. OUTLET TEMP X 50 F 

t HG PMA SS1C FLOW X 350 LB/HR 

V HG PMA SSTE IM£T TOP X 75 F 

Z HG PMA SS1C OUTLET TEMP X 50 F 

Y HG PMA MOTOR f€ FLOW X 30 LB/H* 

D HG PMA ItC I MET TEMP X 100 F 

O HG PMA HC OUTLET TETf* X 100 F 


PKR*SM£TERS 











RDG 630 


m~!8 plot 4 m parameters 



CYCLE NUMB® 


11.43 SE.COUDS BHTVMEEhJ CYCLES 

Figure i < o(d.V- Startup lib . 


ROC 630 


W-IB PLOT 4 HG PARAMETERS 
6 26 12 30 50 


0 HG PMA SPEED X 1000 RPH 

0 HG PMA I MET PRESS X 10 PSIA 

A HG PMA OUTLET PRESS X 100 PSIA 

♦ HG PMA INLET TOP X 100 F 

X HG PMA OUTLET TEMP X 150 F 

O HG PMA ZERO C IPSH X 5 FT 

A HG FCV POSITION X 10 •/• 


Hg Loop Pm^ivmeters. 




H-1B PLOT 5 HG BOILER PARAMETERS RDG 630 

6 26 12 39 50 


BOILER HG INLET PRESS X 100 PSIA 

BOILER HG OUTLET PRESS X 100 PSIA 

BOILER HG INLET TOP X 50 F 

BOILER HG OUT SKIN TEMP X 200 F 

BOILER HG OUT iMM TEW* X 150 F 

BOILER NAK INLET TEW* X 150 F 
BOILER NAK OUTLET TEMP X 150 F 

BOILER TERM. TEW* D1FF. X 20 F 

BOILER HG LIQUID FLOW X 2000 LB/HR 
BOILER HT. BAL. QUALITY 


PARAMETER'S 









ROC 650 


M-fB PLOT 6 
6 26 


TUR8IIC ALTERNATOR 
12 39 50 


ROC 630 
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W>1B PLOT 6 TURBINE ALTERNATOR 
6 26 12 50 50 


0 TUR8. NOZZLE BOM. PRESS 

0 TURB. 1ST STAGE DISC. PRESS 

A TURB. 3RD STAGE IN PRESS 

♦ COM). HG INLET PRESS 

X TURB. NOZZLE BOM. TEMP 

0 TURB. EXHAUST TOP 

A TAA. FREQUENCY 

V BOGUE/HG SET FREQUENCY 


50 PSIA 
100 PSIA 
100 PSIA 
5 PSIA 

150 r 

X1NF 
X 75 HZ 
X IN HZ 


X 

X 

X 

X 

X 


WA'b SECOKIOS. CYCLES 

VguRE !£> (f).- Startup \i<6. Turbine Alternator Bkra^eters 



M— IB PLOT 7 
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TAA FLOW AND POWER 
12 59 50 
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W-1B PLOT 7 
6 26 


TAA FLOW AND POtCR 
12 39 50 
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A 
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HG VAPOR VENT. FLOW 
HG FLOW RATIO QUALITY 
TAA POtCR 
PLR POWER 
VLB POWER 

TAA OVERALL EFFICIENCY 
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X 10 
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X 10 0/0 


WAt Secovios atTVMeeKl CSCU6S 


Figure Iklg).- S tartup \ 2<b.TAA Flow and ffc>weR &,RAN\£TtPs 
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W>1B PLOT 8 CONDENSER PARMCTERS 
6 26 12 58 58 


RDC £30 


H-1B PLOT 8 CONDENSER PARAMETERS ROC £30 
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0 HG STAWPIPC ICICHT 

0 COM). HC INVENTORY 

4 COM). HG INLET QUALITY 

♦ COM). HG INLET TEM» 

X COM). HG OUTLET TDf> 

0 COM). HG IMET PRESS 

A COM). HG OUTLET PRESS 

T COM); OUTLET Y-210 POS. 


Fi&ore. lCs(h).- Startup I2<2>. Condenser 


BvRN\ETERS> 


2$ LB 

10 LB 

T5 F 
100 F 
5 PS1A 
10 PS1A 
10 0/0 



M— 1 B PLOT 9 HC-HRL-AUX. LOOP PARAMETERS ROC 630 
6 26 12 39 50 



CYCLE NUWER 
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FuauRe Ke(i).- Startup \ r L(o. W6 


W-IB PLOT 9 HC-HRL-AUX. LOOP PARAMETERS ROC 630 
6 26 12 39 50 
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0 

A 

♦ 

X 
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V 
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Y 
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HG V-206 POSITION 
COM). NAK FLOW RATE 
AUX. LOOP FLOW RATE 
HRL V-314 POSITION 
ASME AUX. SIDE I MEET TEMP 
ASME AUX. SIDE OUTLET TEMP 
M«L PMA INLET PRESS 
HRL PMA OUTLET PRESS 
RAO. NAK INLET PRESS 
COM). NAK I MEET PRESS 
HG STAND PIPE V-217 POS 


X 15 0/0 
X 10000 LB/M* 
X 1000 LB/HR 
X 10 0/0 

X 100 F 

X 150 F 

X 10 PSIA 

X 10 PSIA 

X 10 PSIA 

X 10 PSIA 

X 10 0/0 


Aux. Loop P^rameter^ 



